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中文摘要 
第一部分  新型整合素 αVβ3 受体示踪剂 99Tcm 标记 RGD 环肽二聚体
肿瘤显像和评价血管靶向治疗的实验研究 
背景及目的 
跨膜二聚体整合素 αVβ3 在多种肿瘤细胞和肿瘤新生血管高表达，成为近年
关注的肿瘤研究靶点。整合素αVβ3能与含精氨酸-甘氨酸-天冬氨酸(Arg-Gly-Asp)
序列的 RGD 多肽特异性结合。在本研究中，我们用 99Tcm 标记包含 2 个 PEG4
的 RGD 环肽二聚体 HYNIC-2PEG4-Dimer (Dimer:E [c(RGDfK)]2)，以神经胶质
瘤为研究模型，挑选新型肿瘤抗血管生成药物恩度进行治疗，研究新探针作为
整合素 αVβ3 显像剂的可行性，并观察恩度对标记探针在荷 U87MG 神经胶质瘤
裸鼠体内生物学分布及 γ显像的影响。 
方法 
制备 99Tcm-HYNIC-2PEG4-Dimer。选取整合素 αVβ3 表达阳性的人神经胶质瘤
细胞（U87MG）株，免疫荧光检测 U87MG 细胞经恩度处理后整合素 αvβ3 的表
达情况。建立荷 U87MG 神经胶质瘤裸鼠模型，将荷瘤裸鼠分为两组，实验组给
予 200μL 重组人血管内皮细胞抑制素注射液（恩度，15mg/3ml/支），对照组给
予同等剂量的生理盐水；6 小时后，注射示踪剂 99Tcm-HYNIC-2PEG4- Dimer，评
价示踪剂在两组荷瘤裸鼠体内的生物学分布，并 γ显像。采用非配对 t 检验对实
验数据进行统计分析。 
结果 
放射性层析扫描仪结果显示，99Tcm-HYNIC-2PEG4-Dimer 的放化纯大于
95%。U87MG 细胞高表达整合素 αVβ3，经恩度处理后，整合素 αVβ3 表达逐渐减
低，至剂量为 400μg/mL 时，表达程度最低。荷瘤裸鼠注射示踪剂 90min 后，生
物学分布结果显示，肿瘤组织有较高摄取，给予恩度作用后，肿瘤摄取率减低，
两组肿瘤摄取率分别为 6.27 ±0.33%ID/g 和 1.50 ±0.08%ID/g。γ显像结果显示恩
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度组与生理盐水组 T/NT 比值分别为 1.02 ±0.11 和 2.58 ±0.36（t=10.25，P<0.05）。
免疫组化结果显示: 经恩度处理后肿瘤组织整合素 αVβ3 表达减少，两组 αVβ3 阳
性表达率分别为 81.5±3.2%与 33.1±2.7%（t=32.6，P<0.05）。 
结论 
示踪剂 99Tcm-HYNIC-2PEG4-Dimer 制备简单，稳定性好。U87MG 及荷瘤裸
鼠肿瘤组织高表达整合素 αvβ3，且特异性摄取 99Tcm- HYNIC-2PEG4-Dimer。
99Tcm-HYNIC-2PEG4-Dimer 是一个非常有前景的用于整合素 αvβ3 阳性肿瘤诊断
的显像剂。99Tcm-HYNIC-2PEG4-Dimer 可能用于监测恩度的治疗效果，有望用来
筛选恩度治疗病例。整合素途径可能是恩度发挥抗血管形成作用的机制之一。 
关键词：RGD 环肽二聚体  整合素αvβ3  恶性胶质瘤 
第二部分  恩度对神经胶质瘤治疗效果的实验研究 
背景及目的 
由于恶性肿瘤的生长和转移依赖于肿瘤血管生成，血管形成抑制剂成为治疗
肿瘤的一个新的途径和手段。恩度是第一个进入临床试验的内源性血管形成抑制
剂，大量的多中心临床实验证实其可以抑制实体瘤的生长，降低肿瘤转移，但有
关恩度对神经胶质是否同样有效，相关研究报道较少。在本研究中，我们选取神
经胶质瘤动物模型为研究对象，观察短期内中小剂量恩度对神经胶质瘤肿瘤生
长、血管新生及血管内皮生长因子（VEGF）、整合素 αvβ3（integrin αvβ3）表达情
况的影响。 
方法 
取对数生长期的人神经胶质胶质瘤细胞 U87MG，接种于裸鼠右腋部皮下，
接种后约 4 天出现肉眼可见的肿瘤，模型建立成功。待接种肿瘤长至直径约 0.8cm
后，将其分成两组，实验组每日给予恩度稀释液 200μL(10mg/kg)，对照组给予
同等剂量生理盐水，连续给药 14 天，隔日测量裸鼠体重及肿瘤体积。用 CD34 作
为血管标记物，采用免疫组织化学法检测肿瘤的微血管密度（MVD)、肿瘤中血
管内皮生长因子（VEGF）、整合素 αvβ3（integrin αvβ3）的表达情况。采用非配
对 t 检验对实验数据进行统计分析。 
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结果 
实验结束时，恩度组、生理盐水组裸鼠体重平均值分别为 21.99±0.71g、
22.32±0.85g（t =0.85，P>0.05）；两组裸鼠肿瘤体积的平均值依次为 0.71±0.67cm3、
1.71±0.12cm3（t=16.2，P<0.05）。以 CD34 作为血管内皮细胞的标志物，血管内
皮细胞的胞浆被染成棕黄色，两组裸鼠肿瘤 MVD 平均值分别为 22.15±1.22 和
58.59±1.16（t=61.24，P<0.05），VEGF 的表达率为 32.0±2.3%与 80.8±8.4%（t=15.9，
P<0.05），整合素 αvβ3表达率为 21.6±1.3%与 57.9±2.4%（t=37.7，P<0.05）。 
研究结论 
恩度能够抑制神经胶质瘤裸鼠皮下移植瘤的生长。恩度能够抑制神经胶质瘤
裸鼠皮下移植瘤的血管新生。抑制肿瘤生长及 VEGF、整合素 αVβ3 的表达，可能
是恩度在神经胶质瘤裸鼠动物模型中发挥抗血管生成作用的机制之一。 
 
关键词:  恩度  整合素 αvβ3  肿瘤靶向治疗 
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Abstract 
Part one Evaluation of a novel 99Tcm-labeled cyclic RGD dimer 
peptide as a marker of αVβ3 integrin for tumor imaging and 
monitoring tumor response to antiangiogenic therapy  
 
Background and purpose： 
The dimeric transmembrane integrin αvβ3 is highly expressed in many a tumors 
and play a role in tumor angiogenesis. It can specific combined with arginine- 
glycine-aspartic acid (RGD) containing peptides. In this study, we applied a novel 
RGD probe 99Tcm-HYNIC-2PEG4-Dimer (Dimer: E[c(RGDfK)]2). Using the 
neuroglioma as research model, we studied the fensibility of the novel probe as a 
potential imaging angent for integrin αvβ3 positive tumors.We also observe the 
influence of endostar an angiogenesis inhibitor,on the biodistribution and γ imaging of 
the probe in nude mice bearing the U87MG glioma xenografts。 
Methods:  
To developed 99Tcm-HYNIC-2PEG4-Dimer as a specific marker of αvβ3 integrin. 
To determine the expression of integrin αvβ3 in U87MG cell after administration of 
the antiangiogenic agent endostar by immunofluorescence staining. In vivo 
biodistribution of 99Tcm-HYNIC-2PEG4-Dimer in U87MG tumor mice bearing either 
administration of the antiangiogenic agent endostar (200μL) or saline (the same doses) 
was determined, γ imaging in two groups by SPECT. Statistical significance of 
differences between the two groups was assessed using t test. 
Results:  
Radiochemical evaluation of 99Tcm-HYNIC-2PEG4-Dimer was determined by 
instant thin layer chromatography (ITLC) and exceeded 95%.The overexpression of 
integrin αvβ3 in U87MG cell after treatment of endostar decreased gradually, and 
integrin αvβ3 is expressed at the lowest levels at the 400μg/mL dose of endostar. In 
vivo accumulation of radioactivity in U87MG tumors showed receptor specific uptake 
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of tracer with accumulations of 6.27 ±0.33 and 1.50 ±0.08 % ID/g in the before and 
after treatment of endostar groups at 90 min postinjection (p.i.), respectively.The 
average 99Tcm-HYNIC-2PEG4-Dimer uptake ratios of T/NT in the two group were 
1.02 ±0.11 and 2.58 ±0.36（t=10.25，P<0.05）, respectively. The expression of integrin 
αvβ3 in U87MG tumors was 81.5±3.2% and 33.1±2.7% in the before and after 
treatment of endostar groups, respectively. There was a significant difference of 
postive-expression ratios of integrin αvβ3 between the two groups (t=32.6，P<0.05）.  
Conclusion: 
The radiotracer 99Tcm-HYNIC-2PEG4-Dimer is easily prepared and stable. 
U87MG glioma demonstrated high expression of integrin αvβ3, and specific uptake of 
99Tcm- HYNIC-2PEG4-Dimer. 99Tcm-HYNIC-2PEG4-Dimer may be a promising 
radiotracer for integrin αvβ3-positive tumor imaging. 99Tcm-HYNIC-2PEG4-Dimer 
may monitor the candidates treatment effect of endostar, and may be expected to use 
for screening endostar treatment. Integrin pathway may be one of the mechanisms of 
antiangiogenic effect of endostar.  
Keywords: Cyclic RGDfK dimmer ; Integrin αvβ3; Malignant glioma  
 
Part two Effects of endostar on rats with human glioma 
 
Background and purpose： 
As malignant tumor growth and metastasis depend on tumor angiogenesis, 
angiogenesis inhibitors become a new way for tumor therapy. Endostar is the first 
endogenous angiogenesis inhibitor for clinical use. Large multi-center clinical studies 
proved that it can inhibit the growth of solid tumors and reduce tumors metastasis. 
However, few studies have been reported in glioma. In this study, we selected the 
glioma bearing nude mice model, to observe the influence of short-term small-dose 
endostar treatment on tumor growth, angiogenesis, the expression of VEGF and 
integrin αvβ3. 
Methods:  
Injection method was used to make rats tumors bearing model (human 
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glioblastoma xenografts), then the rats was divided into two groups randomly: group 
A was treated with saline; group B was treated with endostar. After all rats were 
treated, inhibition rates and the tumor growth curve were calculated. 
Immunohistochemisty was adopted to check the expressions of vascular endothelial 
growth factor (VEGF)、integrin αvβ3 and microvessel density (MVD). Statistical 
significance of differences in the expressions of VEGF、integrin αvβ3 and MVD 
between the two groups was assessed using t test. 
Results: 
The average of tumor weights in the group A and B were 21.99±0.71 and 
22.32±0.85g, respectively.There was not significantly difference of the tumor weights 
between the two groups (t=0.85，P>0.05); The average of tumor volumes in the group 
A and B were 0.71±0.67 and 1.71±0.12 cm3, respectively.Compared with group A, the 
tumor volumes in the group B were obviously reduced, and the tumor volumes were 
significantly different form group A (t=16.2，P<0.05).The expressions of MVD、
VEGF and integrin αvβ3 in the group A and B were 58.59±1.16、22.15±1.22; 
32.0±2.3%、80.8±8.4%;21.6±1.3%、57.9±2.4%, respectively.Compared with group A, 
MVD、VEGF and integrin αvβ3 of group B were obviously reduced (t=61.24，P<0.05; 
t=15.9, P<0.05; t=37.7，P<0.05). 
Conclusion:  
Endostar can inhibit tumor growth in nude mice bearing U87MG human glioma 
xenografts. Endostar may inhibit tumor angiogenesis in nude mice bearing the 
U87MG human glioma xenografts. Inhibit the expression of VEGF and integrin αvβ3 
may be one of the mechanisms of endostar anti-tumor therapy. 
Keywords:  Endostar; Integrin αvβ3; Tumor targeted therapy 
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缩  略  词 
 
英文缩
写 
英文名称 中文名称 
DMEM 
FBS 
PBS 
DMSO 
EDTA 
BSA 
DAPI 
HE 
Tc 
RGD 
PEG 
HYNIC 
TPPTS 
%ID/g 
ECM 
FITC 
CT 
MRI 
PET 
SPECT 
FDG 
VEGF 
VEGFR 
TAF 
MVD 
Dulbecco's minimum essential medium 
Fetal bovine serum fetal bovine serum 
Phosphate buffered saline 
Dimethyl sulfoxide 
Ethylene diamine tetraacetic acid 
Bovine serum albulmin 
4',6-diamidino-2-phenylindole 
Hematoxylin and eosin staining 
Technetium 
Arg-Gly-Asp 
Polyethylene glycol 
Hydrazine nicotinamide 
Trisodium triphenylphosphine-3.3'3''-trisulforate 
Percent activity of injection does per gram of tissue 
Extracellular matrix protein 
Fluorescein isothiocyanate 
Computed tomography 
Magnetic resonance imaging 
Photon emission computed tomography 
Single photon emission computed tomography 
Fluorodeoxyglucose 
Vascular endothelial growth factor 
Vascular endothelial growth factor receptor 
Tumor angiogenesis factor 
Microvessel density 
达尔伯克(氏)必需基本培养基 
胎牛血清 
磷酸盐缓冲液 
二甲基亚砜 
乙二胺四乙酸 
牛血清白蛋白 
4',6-二脒基-2-苯基吲哚 
苏木素伊红染色 
锝 
精氨酸-甘氨酸-天冬氨酸  
聚乙二醇 
联肼尼克酰胺 
三苯基膦三间磺酸钠 
每克组织的百分注射剂量 
细胞外基质蛋白 
异硫氰酸荧光素 
计算机断层扫描 
磁共振成像 
正电子发射断层扫描仪 
单光子发射断层扫描仪 
脱氧葡萄糖 
血管内皮生长因子 
血管内皮生长因子受体 
肿瘤血管形成因子 
微血管密度 
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